Although the effects of climate change across the world and regions are different, its adverse effects on socio-economic systems and landscapes are increasingly important and require an active solution. There is a gradual change of the main features of the territory, which also changes the possibility and the method of its use, as well as the structure of the population itself. Renewable energy plays a key role in the longterm strategy of the European Commission (a secure, competitive and decarbonized energy system in 2050), as outlined in its Energy Roadmap 2050 [1].
The European Commission [2] outlined the areas in which efforts should be improved by 2020 in order to further increase EU renewable energy production by 2030 as well as in the coming years.
Growing energy crops for energy and non-energy purposes has great ecological importance, with a reduction of the greenhouse effect, an alternate of non-renewable energy sources and many other environmental benefits associated with more intensive use of natural resources in the environment and minimizing the cost of removing potential environmental risks. Growing energy crops respects the biological limits of a particular environment, and it is about the use the human potential of the territory, and using the energy of the environment in its natural flow. Targeted growth of energy plants has a fundamental importance today and in the future. For its successful implementation, it is essential to focus and test energy crops under different microclimatic conditions.
The most used energy plants with high environmental benefit are fast-growing trees. The species Salix spp., Popolus spp., Alnus spp. and Robinia spp. are used in the conditions of Europe and North America. Under mild climate conditions other woody plants, e.g., Eucalyptus sp. [3] , Accacia sp. [4] and others are used. A promising alternative energy source is also the use of microalgal biomass [5] . Significant advances have been made in recent decades in the knowledge of the cultivation of energy grasses (Miscanthus spp., Arundo spp., Panicum spp., Sorghum spp. and Phalaris spp.) in Europe [6] [7] [8] [9] . Research has invested considerable resources in identifying potential yields under different climatic conditions and variable cultivation management practices.
From energy grasses, Miscanthus plants are well adapted to changing environmental conditions. Miscanthus is a plant with C 4 of carbon conversion type that efficiently uses solar radiation [10, 11] . Species and their hybrids grow rapidly, reach an average height of 3-4 m and form massive biomass (>20 t.ha -1 ) with high cellulose and lignin contents [12] . They use water efficiently [13, 14] .
The aim of this paper is to evaluate the influence of the climate conditions of southern Slovakia on the dynamics of growth and production of the aboveground biomass of two miscanthus genotypes (Miscanthus × giganteus and Miscanthus sinensis (Tatai)) of energy grass. Growth and production dynamics are assessed against the sum of active temperature and hydrothermal coefficients during the main vegetation period.
Material and Methods
Experimental plantation of fast-growing energy grass is located on unused agricultural land in Kolíňany village in the Nitra region of southwestern Slovakia (48°21'22.1"N 18°12'23.9"E). The main soil unit is fluvial glue, which belongs to medium hard land according to the grain. From the point of view of the climatic regionalization of Slovakia, the research plantation belongs to the area of a warm, very dry and lowland-climatic region [15] .
The experimental plantation of Miscanthus was established in 2010. It is one mixed plantation with two types of Miscanthus genotypes. Two types of planting were used to establish the plantation. Miscanthus × giganteus [16] , where the planting material was rhizomes, and Miscanthus sinensis (Tatai), where planting material was seeded in vitro. For evaluation, 15 individuals were selected from each type of genotype. In the evaluation of growth and production characteristics, the mean values for both types of genotypes were used. The values from the meteorological station ( Fig. 1 ), which is located near the experimental plantation since 2015, were used to measure the climatic indicators. Daily air temperatures and daily precipitation were measured at 10-minute intervals. These indicators were needed to calculate agroclimatological indicators. The long-term average reflects the 50-year period from 1951 to 2000 from the Nitra region.
The agroclimatological indicator was calculated from the daily 2-m air temperatures for each year of the study period -the sum of active temperatures (SAT). SAT is considered to be one of the most important thermal parameters in agroclimatology in general. SAT is the sum of mean daily temperatures equal to or higher than 10ºC [17] in the period 1 April -31 October [18] . It is calculated as follows:
…where Td is the daily mean air temperature.
The primary source of moisture for the Miscanthus is atmospheric precipitation. They are not optimally distributed according to the need for the moisture in the individual growth phases. The precipitation characteristics were calculated: sum of atmospheric precipitation per year and sum of atmospheric precipitation during the main vegetation period (MVP). Using the precipitation amounts and sums of temperatures >10ºC for the vegetative period of the year we calculated hydrothermal coefficient (HTC) by Seljaninov for each year of the period 2015-2017: …where N is the absolute precipitation in mm for a given month/season, and ∑T is the sum of the daily average temperatures of 10ºC or above for the relevant month/ season.
The HTC is calculated only for months and periods in which the average air temperature is 10ºC or higher. For HTC values >1, resp. HTC<1, the landscape has an abundance, resp. deficiency of moisture, with HTC = 1 the vapour is equal to the precipitation, so the country has a balanced equilibrium [19] . The HTC provides a more detailed definition of humidity and drought climate conditions.
The dynamics of the number of shoots, their extension growth and the shoot diameters were monitored during the vegetation year (in each year of the research). The number of shoots is given in pieces and their individual increments in mm. The plant height was determined as the distance from the soil surface to the peak of the longest shoot. The width of the tillering circle was evaluated on the basis of the direct method of measurement, for individual Miscanthus grasses, based on the area of the circle. The growth dynamics of aboveground biomass were evaluated by a destructive method during individual field measurements. The collected biomass was then dried in an oven at 105ºC and the dry weight was expressed.
The frequency of growth analysis was performed at two-week intervals during the main vegetation period of April to October (first measurement of April 21 and last measurement of October 19) . A total of 14 field measurements of selected plant species were carried out in each monitored year.
The statistical evaluation of the data was processed in STATISTICA 12 software by StatSoft. Inc. Oneway ANOVA analysis and multiple regression involves a single dependent variable (measured parameters during vegetation period) and two independent variables (SAT and HTC) were used. The result is statistically significant if p<0.05 or statistically highly significant if p<0.01.
Results and Discussion

Evaluation of Miscanthus Plantation Site According to Selected Climatic Parameters
The planting of fast-growing grass Miscanthus is situated in the local climatic conditions of southwestern Slovakia. Fig. 2 shows deviations of mean values from long-term average. According to the long-term average , the years 2015-2017 were analyzed in terms of air temperature over the vegetation period as above average and in terms of precipitation of the values before and after the end of the main vegetation period were above average, but during the summer months (June-August) the totals were below average. The amount of precipitation before the main vegetation period provided sufficient water for activating the growth of individuals.
The definition of the main vegetation period is given in Table 1 . The average length of the main vegetation period is 177 days in the microclimatic conditions of southwestern Slovakia. Differences in each year depend on the average daily air temperature above 10ºC. This is the temperature at which the growth of Miscanthus shoots is activated. The authors [20] indicate the length of the vegetation period as a limiting factor for the cultivation of Miscanthus. This period is defined as the biomass start-up period beginning at an average daily temperature of ≥10ºC and a total precipitation during the vegetation period ≥400 mm. The beginning of growth is detected at the end of March or beginning of April. Despite the days of MVP, there were recorded days when the average daily temperature fell below 10ºC. The negative climatic event was nighttime frosts at the end of April 2016 and 2017. In 2016, on April 26, it reached a minimum temperature of -1.45ºC with a daily average air temperature of 7.90ºC and on April 28 -0.87ºC (daily average 4.58ºC). In 2017, on April 21, the minimum air temperature was measured at -1.36ºC (daily average 6.12ºC). These ground frosts partially damaged the shoots of the Miscanthus, as they were already activated. The spring frosts damaged only some assimilation organs of individuals and prevented the growth of new shoots and the growth of the height of the already cast shoots.
The sum of accumulative temperatures (SAT) during the main vegetation period is one of the most basic characteristics used to evaluate the temperature relationships. When evaluating the sum of active temperatures, a higher value from long-term normal was recorded by an average of 7.7%. There was a high linear correlation in SAT relative to L-TA (r = 0.7818).
For the analysis of the impact of temperature and precipitation in the microclimatic conditions of southwestern Slovakia on the growth and biomass production of Miscanthus, SAT and HTC were evaluated from the beginning of the growth of individuals to the end of the vegetation period at two-week intervals (Fig. 3) . A total of 14 measurements were recorded during the main vegetation period in 2015-2017. High statistical significance (p = 0.000001) was found out at SAT for the beginning to the end of the main vegetation period years of 2015 to 2017. HTC values between 2015 and 2017 are statistically not significant (p = 0.088356). The start of MVP was determined at the end of March and early April. The end of MVP was in the first decade of October. The course of the SAT and HTC values during the 2015-2017 vegetation period is shown in Fig. 3 .
Analysis of Growth Dynamics and Production of Miscanthus Energy Grass
The dynamics of growth and production of Miscanthus above-ground biomass (Fig. 4) were evaluated on the basis of the percentage increase between the measurements during the main vegetation period years 2015 and 2017. As can be seen from the graphs in Fig. 4 , the greatest increase in the growth and dynamics of above-ground biomass formation was at the beginning of the vegetation period in all the years under review. The biomass dynamics formation has been evaluated since the third sampling (Fig. 4a ). The formation of above-ground biomass reached the largest two-week increments in the first decade of June (more than a 100% increase). In the summer months, the additions were minimal, influenced by the growth density and microclimate. At the end of the vegetation period there was a slight decrease in biomass due to the end of the vegetation period and the gradual foliage.
The growth dynamics of shoots were influenced by intraspecific competition. More than 100% of shoot increase was in the first month of individuals' growth ( Fig. 4b) . Subsequently, the dynamics of the growth of new shoots slowed down and the number of shoots in the clump began to decline from the end of June. The reason for the decrease of the shoots in the clump is the competition of the shoots on the habitat conditions, especially light conditions. The decreasing number of shoots ensured the growth of the other shoots in terms of height and thickness. The growth rate of individuals peaked in the first month of the growth, when the two-week increment of height was 159.5 to 101.3% on average (Fig. 4c ). In the summer months (July-August), the 2-week increase in plant height averaged only 7.9-3.3%. Growth dynamics of individuals at the end of the vegetation period reached minimal two-week increases. Additionally, the shoot diameter gains maximum in the first month (66.7 and 22.7% on average).
Other increments in shoots were about 1.8% on average by the end of the vegetation period (Fig. 4d ). The authors [21] published research of shoot growth in the Miscanthus sinensis population under various climatic conditions. They confirmed the influence of climatic conditions during the vegetation period on the density and height of the shoots. The seasonal changes of the shoot height and number of shoots are comparable. Based on the periodic measurements of growth dynamics of all measured indicators, the fastest growth and therefore the increase of the evaluated parameters are in the first month of growth (mid-April to mid-May). Microclimatic parameters, adequate precipitation before growth in early spring and favorable temperature conditions (high SAT) are also beneficial. Minimum summer increments are also affected by HTC. According to HTC, for the summer months, catastrophic drought, drought and a lack of moisture were detected. An exception was only the third decade of July 2017, when there was enough rain water for the growth of individuals. The end of the main vegetation period was also characterized by dry periods in the years under review. The dry period had an impact on the small increase in the increments of the evaluated parameters.
Multiple regression of the dependence of the assessed growth parameters on SAT and HTC is shown in Table 2 . Based on this, it can be concluded that the microclimates of the area can influence the growth dynamics of Miscanthus grass plantings in particular by moisture conditions during the main vegetation period. The lack of precipitation, as the only source of water for Miscanthus in a particular territory can be one of the main determinants of the growth and production of this alternative energy source. The authors [22] published research on the impact of drought on the growth of bioenergy crops grown in the Midwestern USA. They confirmed the short-term negative impact of drought during the vegetation period on Miscanthus production. The authors [23] examined the effects of drought on quality and the amount of three bioenergetics plants. They confirmed that drought during the vegetation period significantly reduces the yield of Miscanthus × giganteus biomass. Temperature conditions during the vegetation period do not affect growth dynamics. Air temperature determines the start and end of activation of growth during the vegetation period. High temperatures during the summer months affect the rapid evaporation of water and thus reduce the humidity conditions of the site. The low temperatures (frosts) in the spring period can slow growth and thus the overall production of biomass. Nevertheless, the ability of the grass to adapt its growth and biomass production to microclimatic conditions has been established. The researchers [24] evaluated the impact of soil and climatic conditions on the growth and production of Miscanthus sinensis varieties in the microclimatic conditions of northeastern Romania. The results of the research have shown the good adaptability of the studied varieties at soil and especially climatic conditions.
Conclusions
The establishment of Miscanthus plantations is also conditioned by local climatic conditions. For biomass production, the length of the main vegetation period is important. The climatic conditions of southwestern Slovakia have a positive impact on growth and biomass production. The average length of the vegetation period (177 days) enables individuals to grow the aboveground biomass over the entire vegetation period. Spring frosts were detected at the research plantation at the end of April. These had a negative impact on the resulting values in the years of their occurrence. The growth dynamics and above-ground biomass production of Miscanthus was assessed based on the percentage increase between measurements during the main vegetation period in 2015-2017. Based on periodic measurements of the growth dynamics of all measured parameters, the fastest growth and thus the increment S -Level of significance is defined as: n: non-significant impact, *: significant impact in P≤0.05, **: P≤0.01 and ***: P≤0.001; r -Pearson's correlation coefficient; SAT -sum of accumulative temperatures; HTC -hydrothermal coefficient of the evaluated parameters are in the first month of growth (mid-April to mid-May). The multiple regression of the dependence of the growth parameters from the SAT and HTC values confirmed that the microclimate at the Miscanthus plantation can be affected in particular by moisture conditions during the main vegetation period. The lack of precipitation can be one of the main determinants of the growth and production of this alternative energy source. Temperature conditions during growth do not affect the growth dynamics of the crop. Air temperature determines the start and end of activation of growth during the vegetation period. Nevertheless, the ability of energetic grass to adapt its growth and biomass production to microclimatic conditions was recognized.
